Abstract: This study investigated effects of early skip-a-day feed removal and litter materials on broiler live and processing performance and levels of litter bacteria. A total of 1600 male broilers were evenly distributed in 16 pens. Eight pens were provided feed ad libitum (AL Treatment) and 8 were provided feed ad libitum except for 24 hour removal periods at 6, 8, 10 and 12 days of age (4R Treatment). Half the pens in each feeding treatment were provided used pine shavings and the other half were provided used sand as litter. An increasing photoperiod program was provided which decreased from 23L:1D to 13L:11D at 6 days, then increased 2 hours/week beginning at 13 days and reached 23L:1D at 41 days. Body weight and feed consumption were determined and feed conversions calculated approximately weekly. Mortalities were necropsied and recorded daily. At 47 days, 10 birds from each pen were processed, cut up and deboned to determine carcass and parts weights and yields. Litter samples were collected from 3 locations in each pen the day before chicks were placed, weekly during the rearing period and 9 days after bird removal. Relative to the AL Treatment, 4R body weights were decreased 27% immediately after feed removal, this smaller than expected reduction was likely due to the short photoperiod provided at that time. Body weights of AL and 4R Treatments diverged until partial compensatory growth occurred in the 4R Treatment once 23L:1D was provided. Feed consumption was reduced in the 4R Treatment following the initiation of feed removal, while feed conversion was only transiently reduced. Metabolic and total mortality were reduced by the 4R Treatment. Differences in carcass weights and yields and parts weights were proportional to live weight differences due to feeding treatments. Live production and processing performance were not influenced by litter material. In general, litter bacterial numbers were only influenced slightly by feeding treatments. However, litter type played a more marked role, with sand having lower aerobic, anaerobic and enteric counts than pine shavings.
Introduction
A p eriod of skip-a-day (SAD) feed removal early i n rearing may improve broiler performance by limiting growth in a manner similar to lighting programs providing short photoperiods at early ages (Classen and Riddell, 1989; Classen et al., 1991; Charles et al., 1992; Renden et al., 1993; Downs et al., 2006; Lien et al., 2007) . Four or 7 days of feed removal in SAD programs reduced mortality due to ascites in broilers reared at high altitudes while minimally affecting slaughter weights (Arce et al., 1992) . Three days of feed removal in a SAD program begun at 7 days did not significantly affect broiler weight or feed efficiency at 39 days; however, 6 days reduced weight but improved efficiency (Ballay et al., 1992) . Four days of feed removal in a SAD program begun at 7 days did not affect broiler weight at 56 days but decreased abdominal fat (Santoso et al., 1995) . Two or 4 days of feed removal in SAD programs begun at 8 days did not reduce broiler live or carcass weights at 54 days; however, 6 days did (Dozier et al., 2002) . Five days of feed removal in SAD programs begun at 8 or 9 days reduced broiler weights at 54 days and although compensatory growth was inhibited b y shorter photoperiods, it was unaffected by strain or sex (Dozier et al., 2003) . The u se of sand as poultry litter has received considerable interest as the cost and difficulty o f obtaining plant based litter sources has increased. Broilers reared on clean sand had greater weights than those reared on clean pine shavings; however, weights did not differ for two successive flocks grown on the used litter and abdominal fat yields were always lower for those reared on sand (Bilgili et al., 1999a) . Body weights of the fourth and fifth successive flocks reared on sand and pine shavings did not differ, although gizzard weights were greater and foot pad lesions were more prevalent in males reared on shavings (Bilgili et al., 1999b) . Sand litter was observed to have lower bacterial counts and moisture levels than pine shavings during initial but not later successive grow -outs (Bilgili Table 1 : Effects of early skip-a-day feed removal and used litter material on body weight and average daily gain of broilers . al., 1999a and b; Macklin et al., 2005) . Broilers given 27 to 34 days; 21L:3D, 34 to 41 days and 23L:1D, 41 to a choice between sand and pine shavings spent more 47 days) of both natural and incandescent light was time and performed more of their behaviors on sand, but provided. The Auburn University Institutional Animal Care when not given a choice their behaviors did not differ and Use Committee approved all procedures. (Shields et al., 2005) . The present study's purpose was to determine the effects of 4 days of feed removal in a Experimental treatments: Feeding treatments SAD program and sand as a litter material on the live consisted of continuously providing feed ad libitum (AL performance, carcass and parts yields of broilers and Treatment) or providing feed ad libitum except for 24 bacterial levels of the two litter types.
Body weight (kg) Average daily gain (g/day) ------------------------------------------------------------------------------------------------------------------------------------------------------------------
hour feed removal periods beginning at 6, 8, 10 and 12 Table 3 : Effects of early skip-a-day feed removal and used litter material on uniformity and mortality of broilers 1 Uniformity (% within 10% of mean body weight) libitum except for 24-hr removal periods beginning at 6, 8, 10 and 12 days of age. Pooled SEM for main effects (n = 8).
Materials and Methods
6 skinless boneless breast fillet (Pectoralis major bottles containing 90 ml sterile saline to make dilutions muscles), breast tender (Pectoralis minor muscles), of from 10 to 10 . Dilutions were then spiral plated (DW whole breast, wing and leg weights. Parts yields were Scientific-Microbiology International, Fredrick, MD) i n calculated as a percentage of live weight.
triplicate onto each media type and incubated. PCA and Litter bacterial measurements: Litter samples (150 g) incubated at 37 C in an anaerobic chamber (Bactron IVwere collected from each pen the day before chicks were Shel Lab, Cornelius, OR) containing 5% CO , 5% H and placed, weekly until birds were removed at 47 days and 90% N . After 18 hours colonies were quantified on a then 9 days after bird removal. Each litter sample digital plate reader (ProtoCol-Microbiology International, consisted of three subsamples (50 g each) that were Fredrick, MD) and an average bacterial count in CFU/g taken from each pen; one from under the nipple for each media was obtained with the plate reader's waterers, one from near the feeder and one from the software. middle of the pen. The three subsamples from each pen were pooled, thoroughly mixed and immediately Statistical analysis: Four replicate pens served as the processed for populations of bacteria. Aerobic, experimental units for each feeding by litter type anaerobic and enteric bacteria were enumerated treatment of the 2 by 2 factorial arrangement. Treatment (CFU/g) for each pen using Plate Count Agar (PCA) (BD effects were determined using PROC GLM (2004 Biosciences, Sparks, MD), Reduced Blood Agar (RBA) version, SAS Institute, Inc., Cary, NC). The square roots (BD Biosciences, Sparks, MD) and MacConkey Agar (MA) of mortality data expressed as decimals were arc sine (BD Biosciences, Sparks, MD), respectively. Dilutions transformed and litter bacteria counts were converted to were performed by adding 10 g of litter to 90 ml of sterile a log scale, prior to analysis. Statistical significance physiological saline (0.75% NaCl). Further dilutions was set at P < 0.05 for body weight, average daily gain, were performed by successively transferring 10 ml into feed consumption, feed conversion, uniformity and litter provided ad libitum except for 24-hr removal periods beginning at 6, 8, 10 and 12 days of age. Pooled SEM for main effects (n = 8).
5 Table 5 : Effects of early skip-a-day feed removal and used litter material on carcass part weights and yields of broilers 24-hr removal periods beginning at 6, 8, 10 and 12 days of age. Pooled SEM for main effects (n = 8).
5 bacterial levels and at P < 0.10 for mortality and Average daily gains were significantly greater in the AL processing parameters.
Results and Discussion
Live performance: Relative to the AL Treatment, the 4R Treatment resulted in a significant body weight decrease of 93 g or 27% at 13 days of age immediately after the last feed removal period (Table 1) . Santoso et al. (1995) observed a 41% decrease in body weight following 4 days of feed removal in a SAD program begun at 7 days. Previously we also observed greater body weight differences per day of feed removal after 2, 4, 6 (Dozier et al., 2002) and 5 days (Dozier et al., 2003) of early feed removal in SAD programs. The disparity in these observations is likely because photoperiods during feed removal were 23 or 24 hours in earlier studies, while they were only 13 hours in the present study. Shorter photoperiods decrease body weight at early ages (Charles et al., 1992; Downs et al., 2006 , Lien et al., 2007 . Therefore, growth of the AL Treatment was likely restricted by the photoperiod when the 4R Treatment was s ubjected to feed removal, which resulted in a smaller body weight difference between the 2 treatments. (Santoso et al., 1995) . We also observed an inhibition of Treatment from 20 to 27 days and nearly significantly greater from 13 to 20 (P=0.128) and 27 to 41 (P=0.102) days ( Table 1) . This resulted in an increase in the absolute body weight difference between the AL and 4R Treatments to 209 g at 41 days. During that period photoperiods increased from 15 to 21 hours. Average daily gain was nearly significantly greater (P=0.064) in the 4R Treatment from 41 to 47 days when the photoperiod was 23 hours. This resulted in a decrease in the absolute body weight difference to 150 g at 47 days. However, this difference still significantly favored the AL Treatment. Short photoperiods following the feed removal period likely prevented the 4R Treatment from being able to consume enough feed to manifest compensatory growth and recover from their body weight deficit. In an earlier trial, we observed more complete compensatory growth under constant light once feed removal periods were ended (Dozier et al., 2002) . At 56 days, body weights of broilers provided constant light after four days of feed removal in a SAD program did not differ in from those continuously provided feed ad libitum periods beginning at 6, 8, 10 and 12 days of age. Pooled SEM for main effects (n = 8).
----------------------------------------------------------------------------------------------------------------------------------------------------
4 Table 7 : Effects of early skip-a-day feed removal and litter material on fecal coliform counts when broilers were reared to 47 days 1 Fecal coliform counts (Log ) periods beginning at 6, 8, 10 and 12 days of age. Pooled SEM for main effects (n = 8).
Effects ------------------------------------------------------------------P Value -----------------------------------------------------------------
4 compensatory growth during exposure to a photoperiod was greater in the 4R than AL Treatment. Therefore, of 18L: 6D from 23 to 43 days while exposure to 23L: 1D from 44 to 54 days allowed an increase in compensatory growth (Dozier et al., 2003) . Ballay et al. (1992) observed near complete body weight recovery in broilers provided continuous light after being subjected to 3 days of feed removal in a SAD program imposed during the second week of age. In the present study, the used litter type did not influence body weight or average daily gains. This is consistent with previous reports in which body weight differences were only observed in the first and second of 3 successive trials with what were initially fresh sand and fresh pine shavings (Bilgili et al., 1999a) . A later report observed no body weight differences in the fourth and fifth successive flocks reared on sand and pine shavings (Bilgili et al., 1999b) . During the week from 6 to 13 days that included the feed removal periods, the 4R Treatment consumed 136 g or 45% less feed than the AL Treatment (Table 2 ). In each of the 5 following weeks the 4R Treatment always consumed less feed than the AL Treatment. This was true even from 41 to 47 days when average daily gain following the feed removal periods, cumulative feed consumption was always significantly reduced in the 4R Treatment and the disparity between it and that of the AL Treatment continuously increased. This likely accounted for the failure of 4R Treatment body weights to catch up with those of the AL Treatment. Previously we observed compensatory growth following a period of SAD feed removal when feed consumption of SAD birds was equal to that of continuously ad libitum fed birds (Dozier et al., 2002) . The significant reduction in feed conversion (Table 2 ) and nearly significant decrease (P=0.086) in feed consumption at 6 days in the 4R Treatment was likely due to bird and feed weighing 6 hours after the onset of the first feed removal period. Feed conversion was significantly reduced in the 4R Treatment at 13 and 27 days, and nearly significantly reduced (P=0.112) at 47 days. Programs which reduce feed consumption and body weight have often been observed to improve feed conversion (Ballay et al., 1992; Dozier et al., 2003) . Feed consumption and conversion were not affected by litter type. Previous reports on the use of sand litter have periods beginning at 6, 8, 10 and 12 days of age. Pooled SEM for main effects (n = 8).
4 also observed no difference in feed conversion (Bilgili showed no tendency to be influenced by feeding et al., 1999a, b) .
treatment. Dozier et al. (2002) observed no difference in Uniformity was not significantly affected by feeding carcass or fat pad yield due to 2 to 6 days of feed treatment or litter type (Table 3) . However, metabolic and removal in SAD programs. Later they observed that parts total mortality were significantly reduced by the 4 R weights decreased with body weights after 5 days of Treatment (Table 3) . In previous studies on SAD feed feed removal in a SAD program; however, parts yields removal we did not observe reductions in mortality were unaffected (Dozier et al., 2003) . As in the present (Dozier et al., 2002 and 2003) . However, Arce et al. study, this was likely due to body weight differences (1992) observed significant reductions in ascites being so slight that parts yield differences were induced mortality in broilers subjected to SAD feed insignificant. In earlier studies, 3 days of feed removal in removal during rearing at high altitude and Ballay et al.
a SAD program had no effect on breast or abdominal fat (1992) observed reduced mortality in broilers subjected percentages (Ballay et al., 1992) and abdominal fat was to SAD feed removal for longer periods. It has been well decreased after 4 days of feed removal in a SAD documented that programs that reduce growth at an program but no further effects on body composition were early age often reduce mortality, particularly due t o observed (Santoso et al., 1995) . Lighting programs that metabolic diseases (Classen and Riddell, 1989;  transiently reduce growth have been observed t o Classen et al., 1991; Charles et al., 1992) . There was decrease breast meat yield, sometimes with a a nearly significant reduction (P=0.119) in nonconcurrent increase in leg or wing yield (Renden et al., metabolic mortality due to rearing on sand litter, 1993, Downs et al., 2006; Lien et al., 2007) ; however, it although its cause was unclear. Previous reports on the appears that early SAD feed removal may not have a use of sand litter have not noted reductions in mortality similar effect. (Bilgili et al., 1999a, b) , although lower bacterial levels As was the case for mean weights of all birds, litter type observed with sand than shaving litter in previous reports (Bilgili et al, 1999a; Macklin et al., 2005) and later in this article could contribute to such an effect.
Processing performance: Unlike mean weights for all birds (Table 1) , pre-slaughter live weights based on a sample from each pen did not differ significantly (P=0.191) between AL and 4R Treatments (Table 4 ). The decreased sample size increased the SEM 56% while decreasing the difference between treatments 15%. There were similar non-significant decreases in chilled carcass weight (P=0.113), carcass yield (P=0.194) and all parts weights (P values from 0.154 to 0.106) due to the 4R Treatment (Tables 4 and 5 ). It was expected that carcass and parts weights and yields would increase with body weight since they all generally have this tendency. However, abdominal fat and all parts yields did not influence preslaughter live weights or any of the measures of processing performance (Tables 4 and 5) . A previous report noted greater abdominal fat percentages but no differences in carcass yields with sand litter (Bilgili et al., 1999a) . However, in two later trials no differences were observed for carcass, fat pad, or various part yields (Bilgili et al., 1999b) .
Litter bacteria: The AL Treatment had lower litter aerobic bacterial counts than the 4R Treatment on days 42 and 47 (Table 6 ). Sand litter had lower aerobic bacteria counts than pine shavings on days 7, 42 and 47. The AL Treatment had lower litter enteric bacterial (fecal coliform) counts than the 4R Treatment on day 28 (Table 7) . Sand litter had lower enteric bacteria counts than pine shavings on every sampling date except days 0 and 47, when the birds were placed and removed from Charles, R.G., F.E. Robinson, R.T. Hardin, M.W. Yu, J. the pens, respectively.
Feddes and H.L. Classen, 1992 . Growth, body Differences in anaerobic bacterial counts due to the composition and plasma androgen concentration of feeding treatments were more complicated (Table 8) . On days 7 and 14 the counts were significantly lower in the 4R Treatment, which coincides with the days that the birds were without feed. However, on day 28 the 4R Treatment had higher anaerobic bacterial counts than the AL Treatment and on days 42 and 47 the 4 R Treatment again had reduced anaerobe counts. Sand had lower anaerobic bacterial counts than shavings on every sampling date except for day 47. The two feeding treatments produced divergent results concerning the anaerobic and aerobic counts collected on days 42 and 47. In general the AL Treatment had higher anaerobic bacterial counts and the 4R Treatment had higher aerobic bacterial counts. This observation may reflect the predominate microflora within the birds intestines, although without taking samples directly from the bird it is difficult to determine if this is indeed what is occurring. Litter samples taken on day 47 seemed i n disagreement with the previous sampling dates. Sampling on day 47 occurred after the birds were removed and perhaps during the final weighing, cooping and removal process the litter was mixed more than normal. Interestingly this situation did not occur with the aerobic samples, which may be due to the large number of aerobic bacteria that were already in both litter types. Overall the bacterial results observed with the pine shavings and sand litters are in agreement with what was reported previously by Macklin et al. (2005) . In conclusion, feeding program had minor effects o n bacterial populations in the litter; however litter samples taken from sand consistently produced lower bacterial numbers than did samples from pine shavings.
